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ABSTRACT tk I 

T h e  uppe r  a t m o s p h e r i c  n e u t r a l  t e m p e r a t u r e  d e r i v e d  from $ 
I s a t e l l i t e  drag is a n a l y z e d  w i t h  a view t o  d e t e r m i n e  t h e  re- 

l a t i v e  impor t ance  of s o l a r  EUV and magne t i c  a c t i v i t y  on h e a t i n g  
of t h e  uppe r  a tmosphere .  

A s  t h e  i n d i c e s  of so l a r  EUV r a d i a t i o n ,  t h e  radio f l u x e s  
o b t a i n e d  from t h e  ground based o b s e r v a t i o n s  i n  t h e  f r e q u e n c y  
r a n g e  of  200-9400Mc/s are used .  A l s o  f o r  t h e  p e r i o d  March 7 - 
May 15,  1962,  a d i r e c t  comparison is made w i t h  t h e  EUV f l u x  
o b t a i n e d  from t h e  OS0 1 S a t e l l i t e .  A s  t h e  index  of magne t i c  
a c t i v i t y  t h e  p l a n e t a r y  magne t i c  index K is used .  

components of 27 d a y s  and above from t h e  sho r t  t e r m  components 
by u s i n g  a 5 day runn ing  mean f i l t e r .  A cross c o r r e l a t i o n  s t u d y  
between t h e  v a r i o u s  p a r a m e t e r s  shows  t h a t  t h e  l o n g  t e r m  v a r i a t i o n s  
i n  t e m p e r a t u r e  are  s t r o n g l y  c o r r e l a t e d  w i t h  t h e  s imi l a r  v a r i a t i o n s  
i n  t h e  radio f l u x  i n  t h e  f requency  r a n g e  of 1000-3750 Mc/s, 
t h e  c o r r e l a t i o n  b e i n g  maximum a t  1000 Mc/s. The s h o r t  t e r m  
v a r i a t i o n s  i n  t e m p e r a t u r e ,  o n  t h e  other  hand are s t r o n g l y  
correlated w i t h  those i n  CK t h e  d a i l y  sum of K i n d i c e s  and 
n o t  w i t h  t h e  radio f l u x  a t  any of t h e  f r e q u e n c i e s  c o n s i d e r e d .  
The c o r r e l a t i o n  between t e m p e r a t u r e  and EUV f l u x  i n  t h e  s h o r t  
t e r m  components is  somewhat be t t e r  though n o t  as  s t r i k i n g  as 
t h e  l o n g  term components.  

P 
The d a t a h a v e  been a n a l y z e d  by s e p a r a t i n g  t h e  l o n g  p e r i o d  

P '  P 

*NAS-NRC P o s t d o c t o r a l  R e s i d e n t  Research Associate 



2 

An e m p i r i c a l  r e l a t i o n  between t e m p e r a t u r e  and t h e  changes  
i n  radio f l u x e s  and  CK based on t h e  above c o r r e l a t i o n  s t u d y  shows 
t h a t  

P ’  

- TN = 524 + 2.73 slom7 + 1.77 (CKp - CKp) 

o r  - 
TN = 470 + 6.53 ’530 + 1.77 (CK - CKp) P 

- where  TN is t h e  n i g h t t i m e  m i n i m u m  ternperature;’Sloe7, S30 
and CK are  t h e  5 day runn ing  means of 2800 Mc/s r a d i o  f l u x ,  
1000 Mc/s radio f l u x  and CK r e s p e c t i v e l y .  

P 
P 

The p r e s e n t  i n v e s t i g a t i o n  leads t o  t h e  c o n c l u s i o n  t h a t  
s h o r t  t e r m  v a r i a t i o n s  i n  t e m p e r a t u r e  are c l o s e l y  a s s o c i a t e d  w i t h  

t h e  changes  i n  magne t i c  a c t i v i t y  r e p r e s e n t e d  by K and a l l  t h e  

s y s t e m a t i c  v a r i a t i o n s i n  temperature i n c l u d i n g  t h e  so c a l l e d  
semi-annual  v a r i a t i o n  c a n  be  f u l l y  accoun ted  for in terms of 
t h e  s imi l a r  v a r i a t i o n s  i n  so l a r  f l u x .  

P 
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INTRODUCTION 

I n  r e c e n t  y e a r s ,  t h e  v a s t  amount of o b s e r v a t i o n a l  da t a  
o b t a i n e d  from t h e  d r a g  a n a l y s i s  of a number of s a t e l l i t e s  have 
proved t o  be  a ve ry  v a l u a b l e  s o u r c e  of  i n f o r m a t i o n  i n  s t u d y i n g  
t h e  t h e r m a l  p r o p e r t i e s  of t h e  upper a tmosphere  [ f o r  de ta i led  

r e f e r e n c e s  see J a c c h i a ,  1964a; Evans,  1966;  Priester e t  a l ,  19671. 
Although t h e  p h y s i c a l  p r o c e s s e s  govern ing  t h e  t e m p e r a t u r e  of 
t h e  n e u t r a l  component and i n  p a r t i c u l a r ,  t h e  h e a t i n g  associated 
w i t h  geomagnet ic  a c t i v i t y ,  are  n o t  f u l l y  u n d e r s t o o d ,  t h e  e m p i r i c a l  
r e l a t i o n s h i p s  between so l a r  d e c i m e t e r  f l u x  and geomagnet ic  
i n d i c e s ,  and e x o s p h e r i c  t empera tu re  d e r i v e d  from s a t e l l i t e  d r a g  
o b s e r v a t i o n s  have been remarkably s u c c e s s f u l  i n  d e s c r i b i n g  t h e  

t h e r m a l  r e s p o n s e  of t h e  atmosphere t o  changes  i n  so l a r  a c t i v i t y .  
Q u e s t i o n s  have o c c a s i o n a l l y  been ra ised,  however, abou t  

t h e  s u i t a b i l i t y  of  a p a r t i c u l a r  f r equency  i n  t h e  r a d i o  r e g i o n  
of t h e  s o l a r  spec t rum as  a n  a p p r o p r i a t e  i ndex  of EUV r a d i a t i o n  
[Nicole t ,  1963, Anderson, 19651. T h i s  is  because  of t h e  f a c t  
t h a t  t h e  character is t ics  o f  the  r a d i o  f l u x e s  emit ted f r o m  t h e  

s u n  show a marked dependence on t h e  f r equency  of emis s ion .  For 
example,  t h e  ampl i tude  of t h e  27 day v a r i a t i o n  is maximum a t  
2800 Mc/s whereas t h e  co r re spond ing  v a r i a t i o n  a t  200 Mc/s is 
almost n e g l i g i b l e  [Smerd, 19641. The maximum v a r i a t i o n  o v e r  a 
so l a r  c y c l e  i n  t h e  b a s i c  component is c e n t e r e d  a round 1000 Mc/s 
and f a l l s  off  on e i the r  s i d e  of  t h i s  f r equency  [Basu, 19661. 
U n f o r t u n a t e l y ,  t h e  EUV d a t a  i s  a v a i l a b l e  o n l y  f o r  a l i m i t e d  

p e r i o d  of a l i t t l e  o v e r  t w o  months (March-May, 1962) and a l so  
f o r  a l i m i t e d  r ange  of t h e  EUV spec t rum (170A-370A) [Bourdeau 
e t  a l ,  19641 and  it is  n o t  p o s s i b l e  t o  make a g e n e r a l  p r e d i c t i o n  
f o r  t h e  e n t i r e  so la r  c y c l e  based on t h e  data of such  a s h o r t  
d u r a t i o n .  But i t  is clear t h a t  even i f  t h e  ELV data were a v a i l -  
able  for a much l o n g e r  p e r i o d ,  i t  would n o t  be possible  t o  
i d e n t i f y  a s i n g l e  f requency  i n  t h e  r a d i o  r e g i o n  which would fol- 
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l o w  t h e  EUV v a r i a t i o n  i n  e v e r y  d e t a i l .  I t  is ,  n e v e r t h e l e s s ,  
a p p r o p r i a t e  t o  a s k ,  which  f r equency  or r ange  of  f r e q u e n c i e s  
i n  t h e  s o l a r  r a d i o  spec t rum can  b e s t  r ep ' r e sen t  t h e  changes  i n  

t o  day f l u c t u a t i o n s  i n  t e m p e r a t u r e  which are supe rposed  on  t h e  

27 day and l o n g e r  term v a r i a t i o n s ?  What c a u s e s  t h e  so c a l l e d  
semi-annual v a r i a t i o n  i n  a tmosphe r i c  t e m p e r a t u r e  and d e n s i t y ?  
To what e x t e n t  c a n  t h e  changes  i n  solar  a c t i v i t y  accoun t  f o r  
these o b s e r v a t i o n s ?  T h i s  pape r  i s  a n  a t t e m p t  t o  s e e k  answers  
t o  some of  t hese  q u e s t i o n s .  

I e x o s p h e r i c  t e m p e r a t u r e .  What is t h e  o r i g i n  of t h e  s m a l l  day 

I 

SOURCE OF OBSERVATIONAL DATA 

The t e m p e r a t u r e  i n  t h e  p r e s e n t  a n a l y s i s  is t h e  g l o b a l  
minimum t e m p e r a t u r e  (T ) d e r i v e d  from t h e  p r e c i s e l y  reduced  
drag da t a  of E x p l o r e r  I X  [Roemer, 19663 and based  on Jacchia 's  
(1964b) a t m o s p h e r i c  model. These  data  which approx ima te ly  c o v e r  
t h e  p e r i o d  from 1961 t o  1963,  reflect  t h e  p e r i o d  of moderate 
so l a r  a c t i v i t y  and are  p a r t i c u l a r l y  s u i t e d  f o r  s t u d y i n g  t h e  
day-to-day v a r i a t i o n  i n  view of t h e  good t i m e  r e s o l u t i o n .  In-  
c l u d e d  i n  t h e  p r e s e n t  s t u d y  are a l so  E x p l o r e r  I ( 1 9 5 8 ~ )  data  from 
1958-1963, which have been  used  on ly  f o r  t h e  s t u d y  of t h e  long- 
t e r m  v a r i a t i o n .  The poor  r e s o l u t i o n  of t h i s  d a t a  does n o t  permit 
t h e  s t u d y  of t h e  s m a l l  day-to-day v a r i a t i o n  i n  a meaningfu l  way. 

The t e m p e r a t u r e  T h a s  been computed from t h e  p e r i g e e  
t e m p e r a t u r e  by u s i n g  t h e  d i u r n a l  model of  J a c c h i a  (1964b) .  T h i s  
model is based  on t h e  symmetry o f  t h e  d i u r n a l  b u l g e  w i t h  r e s p e c t  
t o  t h e  l a t i t u d e  of s u b s o l a r  p o i n t .  T h e r e  have been some d i s c u s s i o n s  
[Bourdeau e t  a l ,  1964; Jacchia and Slowey, 1966,19673 a b o u t  t h e  

a m p l i t u d e ,  phase  and symmetry o f  t h e  d i u r n a l  b u l g e  and i t  s h o u l d  
b e  a d m i t t e d  t h a t  t h e r e  is no unique way of  d e f i n i n g  a l l  t h e s e  
p a r a m e t e r s  w i t h  c e r t a i n t y .  However, a n  u n c e r t a i n t y  i n  t h e  d i u r n a l  
model is  n o t  l i k e l y  t o  c a u s e  any a p p r e c i a b l e  change i n  t h e  

E x p l o r e r  I X  data  s i n c e  for t h e  ent i re  o b s e r v a t i o n  p e r i o d  of 
t h i s  s a t e l l i t e ,  t h e  p e r i g e e  a n g l e  w i t h  respect t o  t h e  p o s i t i o n  

N 

N '  
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of  t h e  d i u r n a l  b u l g e  does  n o t  exceed 90°. 
independent  of d i u r n a l  and s p a t i a l  v a r i a t i o n  and any changes  
a s s o c i a t e d  w i t h  i t  shou ld  be m a i n l y  due . t o  changes  i n  solar 
a c t i v i t y .  

i n  t h e  f requency  range 200-9400 Mc/s ' . ob ta ined  from a number 
of ground based  s t a t i o n s a n d  g i v e n  i n  t h e  f o l l o w i n g  t a b l e . a r e  used .  

Thus T is  e s s e n t i a l l y  N 

A s  t h e  i n d i c e s  of s o l a r  EUV r a d i a t i o n ,  t h e  r a d i o  f l u x e s  

TABLE 1 

Frequency of  Geographic  Geographic  
t h e  r a d i o  f l u x  S t a t i o n  L a t i t u d e  Longi tude  

200 Mc/sec Nera 52.2ON 5. 1°E 

600 Mc/sec Humain 50.2ON 5.3OE 
1000 Mc/sec Toyokawa 34.8ON 137.4OE 

2000 Mc/sec Toyokawa 34.8ON 137.4OE 
2800 Mc/sec O t t a w a  45.4ON 75.6OW 

3750 Mc/sec Toyokawa 34.8'N 137.4OE 

9400 Mc/sec Toyokawa 34. $ON 137.4OE 

Also f o r  t h e  p e r i o d  March 7 - May 15, 1962,  a d i r e c t  
compar ison  i s  made w i t h  t h e  EUV f l u x  o b t a i n e d  from OS0 1 s a t e l l i t e  
[Bourdeau etal,1964). The c o r p u s c u l a r  e f f e c t s  are assumed t o  be  
i n d i c a t e d  by t h e  changes  i n  geomagnet ic  ac t iv i t i e s  g i v e n  by 
t h e  p l a n e t a r y  magnet ic  index K P' 
NEUTRAL TEMPERATURE I N  RELATION TO SOLAR EZlV FLUX AND MAGNETIC 
ACT1 VITY 

The changes  i n  t empera tu re  r e l a t e d  t o  EUV and magnet ic  
a c t i v i t i e s  are s t u d i e d  by s e p a r a t i n g  t h e  components of 27 days  
and above from t h e  s h o r t  t e r m  f l u c t u a t i o n s  by t a k i n g  f i v e  day 
r u n n i n g  means of a l l  t h e  d a t a .  Th i s  method of a n a l y s i s  is s imilar  
t o  t h e  one  d e s c r i b e d  by  t h e  a u t h o r s  i n  a recent pape r  (1967) .  

f l u x  a t  1000 Mc/s, EUV flux, TN and CK 
P l o t t e d  i n  F i g .  1 are t h e  f i v e  day runn ing  means of t h e  

P P 
( t h e  d a i l y  sum of  K ) . 
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The f i g u r e  shows t h a t  t h e  27 day v a r i a t i o n  i n  T ” 
t h e  c o r r e s p o n d i n g  v a r i a t i o n  i n  EUV and 1000 Mc/s a s  e x p e c t e d  where- 
a s  CK does n o t  f o l l o w  s imi l a r  v a r i a t i o n ‘ .  What is n o t  q u i t e  
e x p e c t e d  are f e a t u r e s  of Fig.  2 w h i c h  shows t h e  d i f f e r e n c e  series 
of t h e  unsmoothed and smoothed ( f i v e  day runn ing  mean) d a t a  of 
t h e  v a r i o u s  p a r a m e t e r s .  These  d i f f e r e n c e  series e s s e n t i a l l y  
r e p r e s e n t  t h e  s h o r t  term v a r i a t i o n s  of p e r i o d s  of abou t  5 days .  

f o l l o w s  c l o s e l y  

P 

I t  is  s e e n  from t h i s  f i g u r e  t h a t  t h e  f l u c t u a t i o n s  i n  t e m p e r a t u r e  
fo l low v e r y  c l o s e l y  w i t h  those i n  CK and a l so  t o  some e x t e n t  
w i t h  EUV f l u x , w i t h  t h e  t i m e  lag of a b o u t  1 day .  The 1000 Mc/s 
f l u x  i n  g e n e r a l  does n o t  a p p e a r  t o  f o l l o w  s imilar  f l u c t u a t i o n s .  

P 

I t  s h o u l d  be p o i n t e d  o u t  t h a t  t h e  EUV f l u x  used  i n  t h e  

p r e s e n t  a n a l y s i s  i s  o n l y  a f r a c t i o n  of  t h e  e n t i r e  EUV spec t rum 
r e , s p o n s i b l e  f o r  t h e  uppe r  a tmosphe r i c  h e a t i n g .  T h i s  may p a r t l y  
be t h e  r e a s o n  f o r  t h e  compara t ive ly  less s t r i k i n g  s i m i l a r i t y  
between TN and EUV t h a n  between TN and CK . 
between sho r t  t e r m  f l u c t u a t i o n s  of TN, EUV and CK 

i n t e r e s t i n g  q u e s t i o n .  What c a u s e s  t h e  s m a l l  day-to-day f l u c t u a t i o n s  
i n  t h e  e x o s p h e r i c  t e m p e r a t u r e ?  I t  may seem r e a s o n a b l e  t o  assume 
t h a t  t h e  small day t o  day f l u c t u a t i o n s  i n  EUV s h o u l d  be r e f l e c t e d  
i n  t h e  t e m p e r a t u r e .  On t h e  o t h e r  hand ,  it a p p e a r s  f r o m  F i g .  2 
t h a t  c h a n g e s  i n  t h e  t e m p e r a t u r e  a s s o c i a t e d  w i t h  ZK and EUV 
are i n d i s t i n g u i s h a b l e .  If CK is  a n  index  of  solar  wind v e l o c i t y  

P 
[Snyder  e t  a l ,  19631 t h e  r e l a t i o n s h i p  between CK and EUV i f  
a n y ,  s h o u l d  r e v e a l  a t i m e  l ag  of  abou t  2 d a y s  or more. Such a 
t i m e  d i f f e r e n c e  is  n o t  a lways  a p p a r e n t  f r o m  Fig.  2 .  Could it b e  
t h e n  t h a t  some of t h e  s m a l l  day-to-day f l u c t u a t i o n s  i n  CK are 
p a r t l y  t h e  r e s u l t  of t h e  a tmosphe r i c  c i r c u l a t i o n  i n  t h e  lower 
a tmosphe re  due t o  changes  i n  t e m p e r a t u r e  which i n  t u r n  are caused  by 

c h a n g e s  i n  E w f l u x .  T h i s  p o s s i b i l i t y  w a s  s u g g e s t e d  by N e w e l 1  (1966). 
I t  would be d i f f i c u l t  t o  a r r ive  a t  any d e f i n i t e  c o n c l u s i o n  a b o u t  
t h i s  h y p o t h e s i s  f r o m  t h e  p r e s e n t  a n a l y s i s  i n  view of t h e  l i m i t e d  

amount of d a t a  and  t h e  d i f f i c u l t y  of s e p a r a t i n g  t h e  c o n t r i b u t i o n s  

The close a s s o c i a t i o n  
ra ises  a n  

P 
P 

P 

P 

P 
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f r o m  t e r r e s t r i a l  and e x t r a t e r r e s t r i a l  c a u s e s .  I t  n e v e r t h e l e s s  is rea- 
s o n a b l e  t o  conc lude  . t h a t  EUV p l a y s  a n  i m p o r t a n t  ro le  i n  a f f e c t i n g  
t h e  uppe r  a t m o s p h e r i c  t e m p e r a t u r e  b o t h  for shor t  and l o n g  t e r m  
v a r i a t i o n s  and n o t  w i t h s t a n d i n g  t h e  l a c k  of  f u l l  i n t e r p r e t a t i o n  
of  K it is  a good index  of s h o r t  term v a r i a t i o n s  i n  t e m p e r a t u r e .  

P' 
CORRELATION BETWEEN TN, CKP AND SOLAR FLUXES AT DIFFERENT 
FREQUENCIES 

I n  s p i t e  of  t h e  close a s s o c i a t i o n  between t e m p e r a t u r e  and 
EUV a s  r e v e a l e d  from t h e  p reced ing  a n a l y s i s ,  
canno t  be e s t a b l i s h e d  between t h e  t w o  p a r a m e t e r s  i n  view of 
t h e  l i m i t e d  amount of  data a v a i l a b l e  f o r  EUV. I n s t e a d ,  it is 
p o s s i b l e  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  between t e m p e r a t u r e  
and so la r  radio f l u x e s  a t  d i f f e r e n t  f r e q u e n c i e s  s i n c e  c o n t i n u o u s  
d a t a  are a v a i l a b l e  f o r  b o t h  r a d i o  f l u x e s  and t e m p e r a t u r e .  

Using t h e  E x p l o r e r  I X  n e u t r a l  t e m p e r a t u r e  d a t a  from t h e  

p e r i o d  Nov. 1961 t o  May 1963, c o r r e l a t i o n s  between t e m p e r a t u r e  
and radio f l u x e s  a t  d i f f e r e n t  f r e q u e n c i e s  are o b t a i n e d  g i v i n g  
a t i m e  d i f f e r e n c e  of  -5 t o  +5 days  between t h e  p a r a m e t e r s  i n  
s t e p s  of  one  day a f t e r  smoothing t h e  data  by t a k i n g  f i v e  day 
runn ing  means. The maximum c o r r e l a t i o n  which shows a t i m e  l a g  
of o n e  day between TN and t h e  f l u x e s  is p l o t t e d  as  a f u n c t i o n  
of f r e q u e n c y  i n  F i g .  3. I t  i s  seen  from t h i s  f i g u r e  t h a t  t h e  
c o r r e l a t i o n  r a p i d l y  i n c r e a s e s  w i t h  f r equency  and a t t a i n s  a 
maximum v a l u e  a t  abou t  1000 Mc/sec. Af t e rwards  it g r a d u a l l y  
f a l l s  o f f  a t  h i g h e r  f r e q u e n c i e s .  S i n c e  t h e  c o r r e l a t i o n  a t  
2800 Mc/sec is o n l y  s l i g h t l y  less t h a n  a t  1000 Mc/sec, i t  seems 
b o t h  these f l u x e s  can  be  used  f o r  o b t a i n i n g  a n  e m p i r i c a l  r e l a t i o n  
between t e m p e r a t u r e  and t h e  f l u x e s .  I n  f a c t ,  any f r equency  i n  
t h e  r a n g e  1000-3750 Mc/s may be u s e d  w i t h o u t  an  a p p r e c i a b l e  error.  
The c o r r e l a t i o n  between ' , the  short  t e r m  f l u c t u a t i o n s  ( d i f f e r e n c e s  
between unsmoothed and 5 day running  mean s e r i e s )  i n  TN and 
any of t h e  r a d i o  f l u x e s  is  n e g l i g i b l y  small .  On the o t h e r  hand ,  

an e m p i r i c a l  r e l a t i o n  
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t h e  c o r r e l a t i o n  between t h e  sho r t  t e r m  f l u c t u a t i o n s  i n  TN and 
CK is v e r y  h igh  as  w a s  shown i n  an  ear l ie r  pape r  [Chandra and 
Kr ishnamur thy ,  19673. Based on t h e  s h o r t  and l o n g  t e r m  
c o r r e l a t i o n s  between t h e  v a r i o u s  p a r a m e t e r s ,  t h e  f o l l o w i n g  
e m p i r i c a l  r e l a t i o n s  are o b t a i n e d  ( u s i n g  t h e  l i n e a r  r e g r e s s i o n  
fo rmula )  . 

P 

o r  

TN' = 524 + 2.73 xloa7 + 1.77 ('CKp-YKp) 

' = 470 + 6 . 5 3  S30 + 1.77 (CK - m p )  
TN P 

- 
and are 5 day runn ing  means of 2800and  where s30, 

1000 Mc/sec f l u x  and ZK r e s p e c t i v e l y .  I n  view of t h e  one  day 
t i m e  d i f f e r e n c e  between T and the  v a r i o u s  p a r a m e t e r s  t h e  T ' 
c a l c u l a t e d  by u s i n g  t h e  above r e l a t i o n s ,  s h o u l d  be a s s i g n e d  t o  
t h e  n e x t  day .  We wish t o  emphasize here t h a t  CK i s  b e i n g  used  
o n l y  as  a n  index  t o  r e p r e s e n t  t h e  shor t  t e r m  v a r i a t i o n s  i n  TN 
wha teve r  be i t s  real  p h y s i c a l  s i g n i f i c a n c e .  

'10.7' P 
P 

N N 

P 

COMPARISON BM'WEEN TEMPERATURES OBTAINED FROM THE EMPIRICAL 
RELATION AND FROM SATELLITE DRAG DATA 

The t e m p e r a t u r e s  c a l c u l a t e d  f r o m  t h e  e m p i r i c a l  r e l a t i o n s  
g i v e n  i n  t h e  p r e c e d i n g  s e c t i o n  a re  now compared w i t h  t h e  
E x p l o r e r  I X  t e m p e r a t u r e  data f o r  t h e  p e r i o d  November 1961 t o  
May 1963.  Although t h e  same E x p l o r e r  I X  data h a s  been used  
t o  o b t a i n  t h e  e m p i r i c a l  r e l a t i o n s ,  t h e  comparison would s t i l l  
b e  mean ingfu l  as  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  from which t h e  
e m p i r i c a l  r e l a t i o n s  are o b t a i n e d ,  are less t h a n  u n i t y .  

P l o t t e d  i n  F i g .  4 are t h e  d i f f e r e n c e s  TN-TN' where TN 
are  t h e  E x p l o r e r  I X  t e m p e r a t u r e  and TNt  are t h o s e  o b t a i n e d  from 
e q u a t i o n s  (1 and 2 ) .  I t  can  be seen  f r o m  t h i s  f i g u r e  t h a t  t h e  

r e s i d u a l  T -T t ,  i n  g e n e r a l ,  v a r i e s  between -50° t o  +50°K and does 
n o t  '; show any s y s t e m a t i c  v a r i a t i o n .  T h i s  p l a c e s  a f a i r  amount 
of c o n f i d e n c e  i n  e q u s .  ( 1 and 2) i n  t h e i r  a b i l i t y  t o  r e p r e s e n t  
a l l  t h e  s y s t e m a t i c  v a r i a t i o n s .  

N N  



9 

A s  an  a d d i t i o n a l  tes t  of equs .  (1)  and ( 2 ) ,  comparison 

is  a l s o  made between t h e  t empera tu re  computed from t h e s e  e q u a t i o n s  and 
Exp lo re r  I X  t empera tu re ' . daCafo r  t h e  p e r i o d  Feb. 1961 t o  O c t .  1961 

which w e r e  n o t  i n c l u d e d  i n  f o r m u l a t i n g  t h e  e m p i r i c a l  r e l a t i o n s .  
T h i s  p e r i o d  i s  p a r t i c u l a r l y  i n t e r e s t i n g  f o r  comparison because  
of t h e  l a r g e  changes i n  t empera tu re  associated w i t h  geomagnet ic  
a c t i v i t i e s .  I t  was found t h a t  t h e  comparison is ex t r eme ly  good 
even t o  t h e  f i n e r  d e t a i l s .  T h i s  is i l l u s t r a t e d  i n  F i g .  5 which 

shows t h e  p l o t  of TN' computed from 1000 Mc/s f l u x  and t h e  

E x p l o r e r  I X  t empera tu re  data a s  g iven  by J a c c h i a  and Slowey (1965) .  
Because of t h e  d i f f e r e n c e  of model, a c o r r e c t i o n  of 5% is a p p l i e d  
t o  t h i s  data t o  make it compat ib le  w i t h  t h e  J a c c h i a ' s  a tmosphe r i c  
model (1964b)which w a s  used i n  o b t a i n i n g  Exp lo re r  I X  t e m p e r a t u r e  
f o r  t h e  p e r i o d  Nov. 1961-May 1963. An examinat ion  of F i g .  5 

c l e a r l y  shows t h e  remarkable  s i m i l a r i t y  between t h e  two t e m p e r a t u r e s .  
Even d u r i n g  t h e  p e r i o d s  of k igh  magnet ic  a c t i v i t y ,  t h e  f l u c t u a t i o n s  
i n  b o t h  TN and T N f ,  i n  g e n e r a l ,  follow each  o t h e r  ve ry  c losely.  
Thus t h e  v a r i a t i o n s  i n  t empera tu re  a s s o c i a t e d  w i t h  magnet ic  
a c t i v i t y  are w e l l  r e p r e s e n t e d  by t h e  K index  b o t h  d u r i n g  t h e  

q u i e t  and d i s t u r b e d  p e r i o d s .  
P 

From t h e  comparisons made i n  t h i s  s e c t i o n  it is e v i d e n t  
t h a t  t h e  e m p i r i c a l  r e l a t i o n s  p r e s e n t e d  i n  t h e  p r e v i o u s  s e c t i o n  
are q u i t e  adequa te  t o  r e p r e s e n t  t h e  g l o b a l  minimum t e m p e r a t u r e  
of t h e  n e u t r a l  a tmosphere above thermopause.  

SEMI-ANNUAL VARIATION I N  TEMPERATURE 

I t  w a s  shown i n  t h e  p rev ious  s e c t i o n  t h a t  t h e  e m p i r i c a l  
r e l a t i o n  based  on s o l a r  f l u x  and K r e p r e s e n t s  a l l  t h e  s h o r t  
and l o n g  t e r m  v a r i a t i o n s  i n  t empera tu re  and t h e  r e s i d u a l  TN-TN' 

d o e s  n o t  show any systematic v a r i a t i o n .  I t  h a s  been r e p o r t e d  
by a number of workers  CPaetzold and Z s c h z r n e r ,  1961,  J a c c h i a  
1965,  King-Hele, 1966; Cook and S c o t t ,  1966:; Cook;:~;1967) 

P 
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t h a t  t h e  a tmospheric  d e n s i t y  and tempera ture  a f t e r  c o r r e c t i n g  
t o  a s tandard  s o l a r  a c t i v i t y  show a semi-annual v a r i a t i o n .  The 
phys ica l  exp lana t ion  f o r  t h i s  e f f e c t  has  h i t h e r t o  remained a 
mystery though a number of mechanism have been proposed [Pae tzo ld  
and Zschb'rner 1961, P r i e s t e r  and C a t t a n i  1962, J acch ia  1965, 
Anderson 1966, Cook 19671. 
does n o t  show any s y s t e m a t i c  semi-annual v a r i a t i o n ,  it appea r s  
t h a t  t h e  so c a l l e d  semi-annual v a r i a t i o n  could be accounted 
f o r  i n  t e r m s  of t h e  so la r  f l u x  v a r i a t i o n s .  T h i s  p o i n t  is in-  
v e s t i g a t e d  i n  f u r t h e r  d e t a i l  i n  t h e  fo l lowing .  

andlOOOWs and CK f o r  t h e  pe r iod  November 1961 t o  May 1963, 
t h e  27-day and s h o r t e r  components are smoothed ou t  by t a k i n g  
27-day running means. The r e s u l t i n g  smoothed d a t a  e s s e n t i a l l y  
c o n t a i n  components of p e r i o d i c i t i e s  above 4 months. P l o t t e d  
i n  F ig .  6 are t h e  27 day running means of a l l  t h e  f o u r  parameters .  
I t  can be seen  f r o m  t h i s  f i g u r e  t h a t  there is  a remarkable 
s i m i l a r i t y  between t h e  v a r i a t i o n s  of TN and those of S30 and 

'10.7 
months of March and October.  The v a r i a t i o n s  i n  CK do no t  
f o l l o w  t h o s e  i n  TN, or S30 or SlOe7. 
of t h e  degree  of a s s o c i a t i o n  between t h e  long t e r m  v a r i a t i o n s  
i n  t h e  v a r i o u s  parameters  under c o n s i d e r a t i o n  are ob ta ined  by 
e v a l u a t i n g  t h e  c o r r e l a t i o n  c o e f f i c i e n t s ,  shown i n  Table  2. 

Since t h e  r e s i d u a l  TN-TNt i n  F ig .  4 .  

Using aga in  t h e  Explorer  I X  TN d a t a ,  t h e  solar  f l u x e s  at2800Mc/s 

P 

. A l l  these t h r e e  parameters  show broad peaks around t h e  

P 
Q u a n t i t a t i v e  estimates 

TABLE 2 
Parameters  C o r r e l a t i o n  

C o e f f i c i e n t  

T v s  S30 N 0.79 

0.76 TN vs '10.7 
T, v s  CK,, 0.16 
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I t  can  be s e e n  from T a b l e  2 t h a t  T shows a h i g h  degree 

of c o r r e l a t i o n  w i t h  b o t h  S30 and SlOe7 whereas  t h e  c o r r e l a t i o n  
w i t h  CK i s  poor .  To i n v e s t i g a t e  these l o n g  t e r m  v a r i a t i o n s  
o v e r  a l o n g e r  p e r i o d  da ta  from 195th s a t e l l i t e  which are a v a i l -  

a b l e  from 1958 t o  1963,  are ana lyzed  a l o n g  w i t h  t h e  2800 Mc/sec 
so la r  f l u x  d a t a  from t h e  same p e r i o d .  
s h o r t e r  p e r i o d i c i t i e s  are  e l i m i n a t e d  a g a i n  by t a k i n g  27 d a y s  
r u n n i n g  means of t h e  d a t a .  

and '10.7 
F i g .  7.  Also shown i n  t h e  same f i g u r e  are t h e  smoothed d a t a  of  
t h e  Z u r i c h  s u n s p o t  number (RZ)  f o r  each y e a r  s e p a r a t e l y .  

in TN'  '10.7 
a n n u a l  v a r i a t i o n  i n  TN, SlOe7, and  RZ is  n o t  a p e r s i s t e n t  f e a t u r e  
t h r o u g h o u t  t h e  p e r i o d  from 1958 t o  1963. Marked semi-annual  
v a r i a t i o n  is shown o n l y  d u r i n g  t h e  y e a r s  1958 and 1962 and  
i n d i c a t e d  i n  1963. During t h e  p e r i o d  1959-1961, a l l  t h e  three 
p a r a m e t e r s  show o s c i l l a t o r y  b e h a v i o r  and there is no c lear  t r e n d  
of semi-annual  v a r i a t i o n  though o c c a s i o n a l l y  peaks  a round A p r i l  
and Oc tobe r  c o u l d  b e  detected among o t h e r  peaks .  I n  making 
t h e  comparison between t e m p e r a t u r e  and 1 0 . 7  c m  f l u x ,  i t  s h o u l d  
b e  remembered t h a t  t h e  former is d e r i v e d  from t h e  p e r i g e e  t e m p e r a t u r e  
u s i n g  a n  e m p i r i c a l  d i u r n a l  model. Some of t h e  phase  d i f f e r e n c e s  
between t h e  c o r r e s p o n d i n g  peaks  may be a t t r i b u t e d  t o  t h e  u n c e r t a i n t i e s  
i n  t h e  d i u r n a l  model.  

N 

P 

Components of 27 d a y s  and  

The r e s u l t i n g  smoothed d a t a  of TN 
are  p l o t t e d  f o r  e a c h  year s e p a r a t e l y  as  shown i n  

F i g .  7 r e v e a l s  a remarkable s i m i l a r i t y  between t h e  v a r i a t i o n s  
and RZ. I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s e m i -  

N' '10.7' 
I t  i s  

The s i m i l a r i t y  between t h e  long  t e r m  v a r i a t i o n s  i n  T 
and  RZ s t r e n g t h e n s  t h e  view t h a t  t hey  are  n o t  s p u r i o u s .  

e v i d e n t  f rom t h e  p r e s e n t  a n a l y s i s  t h a t  t h e  long-term v a r i a t i o n s  

i n  t e m p e r a t u r e  can  b e  f u l l y  accounted  f o r  by t h e  s imilar  v a r i a t i o n s  
p r e s e n t  i n  t h e  solar  f l u x  and it is n o t  n e c e s s a r y  t o  invoke  any 
o the r  mechanism t o  e x p l a i n  t h e  long-term v a r i a t i o n s  i n  t e m p e r a t u r e .  
The p h y s i c a l  mechanism g i v i n g  r i s e  t o  these f l u c t u a t i o n s  i n  s o l a r  
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I 

f l u x e s  is n o t  w i t h i n  t h e  scope  of t h i s  p a p e r  and w i l l  be d i s c u s s e d  I 

elsewhere. 
t o  be no d i f f i c u l t y  i n  u n d e r s t a n d i n g  t h e ' s o  c a l l e d  semi-annual  
v a r i a t i o n .  

From t h e  ae ronomica l  p o i n t  of v iew t h e r e  a p p e a r s  

SUMMARY AND CONCLUSIONS 

The p r e s e n t  i n v e s t i g a t i o n  of t h e  v a r i a t i o n s  i n  n e u t r a l  
t e m p e r a t u r e  above thermopause i n  r e l a t i o n  t o  so l a r  and geo- 
magne t i c  a c t i v i t i e s  h a s  l e d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s .  

w i t h  s i m i l a r  f l u c t u a t i o n s  i n  b o t h  EUV and CK The c o r r e l a t i o n  
between t e m p e r a t u r e  and CK is however g r e a t e r  t h a n  t h a t  between 
t e m p e r a t u r e  and EUV. 

1. The s h o r t - t e r m  f l u c t u a t i o n s  i n  t e m p e r a t u r e  are a s s o c i a t e d  

P' 
P 

2 .  The v a r i a t i o n  i n  t e m p e r a t u r e  on a long-term (27 d a y s  
and  above)  b a s i s  shows a good c o r r e l a t i o n  w i t h  t h e  s imi la r  
v a r i a t i o n s  i n  so l a r  f l u x  i n  t h e  f r equency  r a n g e  of 1000-3750 Mc/s, 
w i t h  maximum c o r r e l a t i o n  a t  1000 Mc/s. 

3. The f o l l o w i n g  e m p i r i c a l  r e l a t i o n s  seem t o  accoun t  f o r  
a l l  t h e  s y s t e m a t i c  v a r i a t i o n s  i n  t e m p e r a t u r e  b o t h  d u r i n g  q u i e t  and  
d i s t u r b e d  c o n d i t i o n s .  

TN = 524 + 2.73  %lo,7 + 1 .77  (CKp-TE P ) 

or TN = 470 + 6 . 5 3  >30 + 1.77 (CKp-CK ) P 
4 .  The s o - c a l l e d  s e m i  a n n u a l  v a r i a t i o n  i n  t h e  upper  

a t m o s p h e r i c  t e m p e r a t u r e  and d e n s i t y  i s  n o t  a p e r s i s t e n t  f e a t u r e  
t h r o u g h o u t  t h e  so la r  c y c l e  and may be  accoun ted  f o r  i n  terms 
of s i m i l a r  v a r i a t i o n s  i n  so la r  a c t i v i t i e s  w i t h o u t  t h e  n e c e s s i t y  
of i n v o k i n g  any other  i n v o l v e d  mechanism, 
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FIGURE CAPTIONS 

1. D a i l y  p l o t s  of 5 day running  means of CK TN, EUV and S30. 
P '  

2. D a i l y  p l o t s  of t h e  d i f f e r e n c e s  between o r i g i n a l  and 5 day 
runn ing  mean d a t a  of CK TN, EUV and S3*. 

P' 

3. C o r r e l a t i o n  of t e m p e r a t u r e  w i t h  r a d i o  f l u x e s  a t  d i f f e r e n t  
f r e q u e n c i e s .  

4.  P l o t s  of  t h e  r e s i d u a l  TN-TN'. 

5. Comparison of T ' computed from 30cm f l u x  model w i t h  E x p l o r e r  IX 
t e m p e r a t u r e  TN f o r  t h e  p e r i o d  February 1961 t o  October  1961. 

N 

P' 6 .  D a i l y  p l o t  of 27 day runn ing  means of S30' TNp Sloe7 and CK 

7. D a i l y  p l o t  of 27 day running  means of TN, SlOe7 and R,. 
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